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Lecture 24 Ð Chapter. 7 
QM in 3-dims & Hydrogen Atom 

Outline: 

¥!The Schršdinger Eq. in 3-Dimensions 

¥! The 3D Infinite Well 

¥! Energy Quantization & Spectral Lines in Hydrogen 
¥! The Schršdinger Eq. for a Central Force 

¥! Angular Behavior in a Central Force 

¥! The Hydrogen Atom 

¥! Radial Probability 

¥! Hydrogen-like Atoms 

Toward the Hydrogen Atom

proton

electron

Energy loss due to Bremsstrahlung

(because of centripetal 
acceleration)

The 
Problem:

The most profound failure of classical physics (C.P.) is its inability 
to explain the simplest possible atom: hydrogen Ð an electron 
orbiting a proton.  According to the C.P., atom should be unstable 
since energy loss (see below) 

Toward the Hydrogen Atom

proton

electron

Stationary 

state?

Q.M.? 



Schrodinger Equation in 3 Dimensions

KE

operator

In 3-D

In 1-D 

Section 
5-8 

Schrodinger Equation in 3 Dimensions

Adopt the generic symbol from vector calculus 

Kinetic Energy term 

Bold face, r  : Cartesian (x,y,z) or Spherical Polar (r,!,") 

Schršdinger eq !  coordinate-independent form 

Probability Density in 3 Dimensions

c.f.  1-D :: complex square of wave function = Prob. / unit length 

Total Prob. Of finding a single particle 
somewhere in 3-D space  !  1.0 (100%) 

now,  3-D 

Normalization 

Stationary States

f(r) f(t)

E is well defined & unchanged!! 

Spatial 
part 

Temporal 
part 

Separation of Variables 



Stationary States

Time-
independent 
Sch. equation

temporal part

Separation of Variables 

Stationary States in a 3-D Box
A particle bound in a box-shaped region by 
infinitely high potential well 

The simpleast 3-D bound system 
Is infinite well!! 

Stationary States in a 3-D Box

ÒFactorizationÓ

f(x) f(y) f(z) f(x,y,z)

É multiplying both side by -2m/h 2 



Separation Done!!  
Each term should be ÒConstantÓ 

nx, ny, nz = Quantum Number  

Stationary States in a 3-D Box

The Solution

F(x),       G(y),      H(z) 



Stationary States in a 3-D Box

Solution

3,2,1: === zyx LLLexample
Just arbitrary 

units 

Corresponding wave function: 


